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RADON AFFECTED AREAS: 
ENGLAND 


ABSTRACT 


Board advice on radon in homes issued in 1990 specifies 
that areas of the UK where 1% or more of homes exceed 
the Action Level of 200 becquerels per cubic metre of air 
should be regarded as Affected Areas. Results of radon 
measurements in about 250 000 homes in the whole of 
England are mapped and used to complete the delineation 
of Affected Areas. The Department of the Environment is 
advised to consider which localities should be delimited for 
precautions against radon in future homes. 
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Radon Affected Areas: England 


INTRODUCTION 

In January 1990, the National Radiological Protection Board recommended that the 
Action Level for radon in existing homes should be 200 Bg m~* averaged over a year’. Parts 
of the country with 1% probability or more of present or future homes being above the 
Action Level should be regarded as Affected Areas: such areas should be identified from 
radiological evidence and periodically reviewed”. The Board advised on radon Affected 
Areas in Cornwall and Devon in 1990°, in Derbyshire, Northamptonshire and Somerset in 
1992*, and in Scotland and Northern Ireland in 1993°°. 

This document has an assessment of Affected Areas in the whole of England. It brings 
up to date and completes the earlier documents on individual counties of England. The 
Affected Areas are identified and details are given of the proportion of homes in these areas 
estimated to exceed the Action Level. 


DATA COLLECTION AND ANALYSIS 

In order to map radon Affected Areas, data were analysed by 5km squares of the 
Ordnance Survey National Grid. Radon measurements are required across as much of 
the area to be mapped as possible. The Board has carried out various surveys of radon in 
homes in England using passive etched-track detectors exposed for at least three months. 
Most of the measurements were funded by the Department of the Environment; many 
were performed at the request of householders. Measurements were not evenly spread 
across the country, and when the results were first mapped, some areas were seen to have 
insufficient data. 

In order to fill the gaps, the Board wrote to householders in these areas offering a radon 
measurement. The initial aim was to obtain three or more results in each 5 km grid square. In 
all grid squares where the results indicated a possibility that there might be 1% or more of 
homes above the Action Level, further measurements were carried out to obtain a 
minimum of five results in each grid square wherever practicable. As some areas have very 
low population densities, however, some grid squares have few or no radon results. The 
number of homes surveyed in each county is given in the table. 

Indoor radon concentrations are affected by indoor and outdoor temperatures, by 
winds, ventilation conditions, and other factors. The seasonal variation in average radon 
concentrations had been previously assessed for the country as a whole’ and used to 
derive correction factors for measurements lasting less than a year*. These seasonal 
correction factors are appropriate for improving estimates of radon concentrations in an 
average year. By their nature, however, they are unable to take account of year to year 
variations. An improved methodology has therefore been developed which takes account 
of both month to month and year to year variations. This is based on the use of results from 
the UK survey’, analysed in terms of the mean monthly air temperatures for England and 
Wales: more details are given elsewhere’. 

The UK survey of radon in homes’ showed that householders living in detached and 
semi-detached houses were more likely to participate in a radon survey than those in 
terraced houses or flats. As radon levels are generally higher in detached and semi- 
detached houses, this introduces a bias in the estimates of average radon concentrations; 
this problem is particularly acute in metropolitan areas where the proportion of flats and 
terraced houses is higher. Results for metropolitan areas and for suburban and rural areas 
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Surveys of radon in 
homes in English 
counties 


Number Number 
measured measured 


Greater London 420 Hampshire 
Greater Manchester 670 Hereford and Worcester 
Merseyside 150 Hertfordshire 
South Yorkshire 1200 Humberside 

Tyne and Wear 130 Isle of Wight 
West Midlands 260 Kent 

West Yorkshire 530 Lancashire 

Avon 770 Leicestershire 
Bedfordshire 380 Lincolnshire 
Berkshire 280 Norfolk 
Buckinghamshire 630 Northamptonshire 
Cambridgeshire 990 Northumberland 
Cheshire 700 North Yorkshire 
Cleveland 140 Nottinghamshire 
Cornwall and the Isles of Scilly 35000 Oxfordshire 
Cumbria 1500 Shropshire 
Derbyshire 27 000 Somerset 

Devon 60000 Staffordshire 
Dorset 660 Suffolk 


Durham 390 Surrey 

East Sussex 490 Warwickshire 
Essex 640 West Sussex 
Gloucestershire 740 Wiltshire 


Total (rounded) 


together were, therefore, corrected to a standard mix of houses typical of the UK housing 
stock using data from the General Household Survey’: more details of the procedure are 
also given elsewhere®. These corrections result in more standardised estimates of radon 
levels and more refined delineation of Affected Areas than was possible previously. 

The distribution of radon concentrations in homes is approximately log-normal 
whether the sample is taken from the whole housing stock or a single grid square*®. 
Research has shown that the distribution of radon concentrations in the UK conforms much 
more closely to a log-normal distribution if the mean outdoor radon concentration 
(4Bqm_®) is subtracted from each result; this subtraction was therefore performed for all 
values of radon concentration before analysis. An appropriate addition was subsequently 
applied when estimating the fraction of homes exceeding the Action Level. 

The techniques used to estimate the fraction of the housing stock exceeding the radon 
Action Level in grid squares in England were similar to those used previously** with some 
modifications that were found to be necessary since the survey covers the whole country’®. 
If the geometric mean (GM) and geometric standard deviation (GSD) of a log-normal 
distribution are known, the fraction of the distribution exceeding any threshold can be 
calculated. This property of the distribution was used in calculating the fraction of the 
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housing stock exceeding the Action Level in each grid square. In some squares, however, 
there are too few data to estimate the GM and GSD directly, so information from adjacent 


’ squares has to be used. 


In the previous exercises, the GSDs of results within 5 km grid squares were seen not to 
vary significantly between nearby squares in the same county, and average values of GSDs 
for areas were used. The same procedure has been carried out in this case using a national 
average GSD of 2.5, except in squares containing enough data to estimate the GSD directly, 
in which circumstance the appropriate value for the grid square was used. 

The GM values for all squares were geometrically smoothed with the GM values of 
adjacent squares to remove anomalies caused by the small numbers of results in some 
squares. The degree of smoothing was varied according to the number of results available 
for a grid square’. The established values of GM and GSD were then used to estimate the 
fraction of the housing stock exceeding the Action Level in each grid square. 


FIGURE 1 Number of 
homes in which radon 
was measured in each 
5km grid square in 
England 
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FIGURE 2 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
gid square in England. 
Data not smoothed 
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Some of the grid squares had no radon results. Most of these have virtually no population, 
so it is not meaningful to refer to the fraction of the existing housing stock above the Action 
Level. It is useful, however, to estimate the percentage of the housing stock that would be 
above the Action Level in these squares to allow preventive measures against radon to 
be taken should new houses be constructed. For this reason, blank squares adjacent to 
squares with measurements were infilled using procedures described previously’. 

The results are shown in a set of maps. Figure 1 shows the number of measurements in 
each 5km grid square of England: they range from 0 to over 10000. Figure 2 shows the 
estimated proportion of homes per grid square with radon concentrations exceeding 
the Action Level of 200 Bgm~*: these are based on the unsmoothed GMs. Figure 3 shows 
the equivalent values after smoothing. The estimates here are based on values of GM 
obtained from smoothing with the values in surrounding squares and infilling blank squares: 
the proportions range from below 1% to above 30%. Figure 4 is a more heavily smoothed 
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map, the purpose of which is to show the broad sweep of elevated radon levels in homes 
across the country. 


INTERPRETATION 

When it was first introduced, the concept of an Affected Area was applied to whole 
counties or at least to significant parts of counties. Measurements were not available at 
sufficient density to permit fine detail to be resolved. Furthermore, data for adjoining 
squares were smoothed regardless of the precision with which they were known, and fluid 
contour lines were drawn to emphasise the approximate nature of the boundaries. 

In order to allow resources to be targeted with the greatest efficiency, information 
about each 5km grid square is now presented with the maximum precision that the data 
allow. Smoothing is not applied where there are sufficient measurements in a square to 


FIGURE 3 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
grid square in England. 
Data smoothed 
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FIGURE 4 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
&tid square in England. 
Data smoothed twice 
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determine GMs directly but only when a low measurement density means that estimates 
will be improved by doing so. The ability to present more precise information depends, of 
course, on a sufficient density of measurement in each square. Where data are particularly 
plentiful, it is possible to resolve still finer detail, for example by using geological boundaries. 
Nevertheless, it must be recognised that there are only five or so measurements for many 
grid squares in England and this limitation does not allow boundaries to be delineated more 
precisely than to 5km. 

There are now very many measurements in the Affected Areas already defined**, and 
this information, together with the improved methodology utilised here, has facilitated 
refinement in the estimates of elevated radon levels. There are some changes of detail in the 
distribution patterns, but the broad picture remains unchanged. 

The parts of England shown in Figure 3 with a probability of 1% or more of homes being 
above the Action Level should be regarded as Affected Areas. The primary purpose of this 
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map is to draw attention to the areas where radon exposures should be reduced or future 
exposures minimised: priority of measurement and remediation should be given to those 
areas with the higher proportions of affected homes. 

The patterns in Figure 3 correlate with the local geology: in particular, the Hycernian 
Granites of the southwest and to some extent the metamorphic aureole are associated with 
the highest proportions of homes above the Action Level. The Cheviot Granite and its 
aureole rocks on the border with Scotland also show clearly, while the Caledonian Granites 
in the Lake District do not have a significant proportion of homes above the Action Level. 
The marine Devonian rocks in Devon and Cornwall with shale and sandstone lithologies 
have moderately elevated radon levels, but the continental Devonian sandstones and 
shales of Exmoor have higher levels. 

Carboniferous limestone is associated with increased proportions of homes above the 
Action Level, particularly in Derbyshire but also in Somerset and Avon and in a band from 
southern Cumbria into North Yorkshire; the high permeability of these rocks probably 
causes the high radon levels indoors. The increased proportions in south Shropshire are 
related to Silurian sandy shales, flagstones, and limestones. The broad sinuous band of 
elevated radon levels extending from Lyme Bay through parts of Somerset and across the 
Midlands to Northamptonshire and beyond follows the outcrop of the Jurassic rocks, which 
contain radon-rich limestones, sandstones and ironstones. 


RECOMMENDATION 

The parts of England shown in Figure 3 with a 1% probability or more of homes being 
above the Action Level should be regarded as Affected Areas for the purposes of the Board 
Statement on radon in homes’. This advice complements the previous Board advice on 
radon Affected Areas in England**. Taking account of these areas, the Department of the 
Environment should delimit those localities where preventive measures against radon in 
new houses are justified. 
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RADON AFFECTED AREAS: 
WALES 


ABSTRACT 


Board advice on radon in homes issued in 1990 specifies 
that areas of the UK where 1% or more of homes exceed 
the Action Level of 200 becquerels per cubic metre of air 
should be regarded as Affected Areas. Results of radon 
measurements in homes in parts of Wales are mapped and 
used for the delineation of Affected Areas. The Welsh Office 
is advised to consider which localities should be delimited 
for precautions against radon in future homes. 
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Radon Affected Areas: Wales 


INTRODUCTION 

In January 1990, the National Radiological Protection Board recommended that the 
Action Level for radon in existing homes should be 200 Bq m~* averaged over a year’. Parts 
of the country with 1% probability or more of present or future homes being above the 
Action Level should be regarded as Affected Areas: such areas should be identified from 
radiological evidence and periodically reviewed”. The Board advised on radon Affected 
Areas in Cornwall and Devon in 1990°, in Derbyshire, Northamptonshire and Somerset in 
1992*, and in Scotland and Northern Ireland in 1993°°. 

This document has an assessment of Affected Areas in the areas in the previous Welsh 
districts of Alyn and Deeside and Delyn (now in the new Unitary Authority of Flintshire), of 
Glyndwr (now in Denbighshire), of Radnorshire (in Powys), of Ynys Mon (now called 
Anglesey), and of Preseli Pembrokeshire and South Pembrokeshire (now Pembrokeshire). 
The Affected Areas are identified and details are given of the proportion of homes in these 
areas estimated to exceed the Action Level. 


DATA COLLECTION AND ANALYSIS 

In order to map radon Affected Areas, data were analysed by 5km squares of the 
Ordnance Survey National Grid. Radon measurements are required across as much of the 
area to be mapped as possible. The Board has carried out various surveys of radon inhomes 
in Wales using passive etched-track detectors exposed for at least three months. Most of 
the measurements were funded by the Welsh Office; many were performed at the request 
of householders. Early results indicated that the parts of Wales identified above were likely 
to have the most serious radon problems, and the Welsh Office requested the Board to 
assess radon Affected Areas in these districts. Measurements were not evenly spread 
across these areas, and when the results were first mapped, some areas were seen to have 
insufficient data. 

In order to fill the gaps, the Board wrote to householders in these areas offering a radon 
measurement. The aim was to obtain five or more results in each 5 km grid square. As some 
areas have very low population densities, however, some grid squares have few or no 
radon results. The number of homes surveyed in each district is given in the table. 

Indoor radon concentrations are affected by indoor and outdoor temperatures, by 
winds, ventilation conditions, and other factors. The seasonal variation in average radon 
concentrations had been previously assessed for the country as a whole’ and used to 
derive correction factors for measurements lasting less than a year*. These seasonal 
correction factors are appropriate for improving estimates of radon concentrations in an 
average year. By their nature, however, they are unable to take account of year to year 
variations. An improved methodology has therefore been developed which takes account 
of both month to month and year to year variations. This is based on the use of results from 
the UK survey’, analysed in terms of the mean monthly air temperatures for England and 
Wales: more details are given elsewhere®. 

The UK survey of radon in homes’ showed that householders living in detached and 
semi-detached houses were more likely to participate in a radon survey than those in 
terraced houses or flats. As radon levels are generally higher in detached and semi- 
detached houses, this introduces a bias in the estimates of average radon concentrations; 
this problem is particularly acute in metropolitan areas where the proportion of flats and 


13 


Documents of the NRPB, Vol 7, No 2, 1996 


Surveys of radon in 
homes in areas of 
interest in Wales 
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Unitary Authority Number measured 
Anglesey 240 
Denbighshire 200 
Flintshire 220 
Pembrokeshire 550 
Powys 790 
Wrexham 140 
Total (rounded) 2150 


= 


terraced houses is higher. Results for metropolitan areas and for suburban and rural areas 
together were, therefore, corrected to a standard mix of houses typical of the UK housing 
stock using data from the General Household Survey”: more details of the procedure are 
also given elsewhere®. These corrections result in more standardised estimates of radon 
levels and more refined delineation of Affected Areas than was possible previously. 

The distribution of radon concentrations in homes is approximately log-normal 
whether the sample is taken from the whole housing stock or a single grid square*®. 
Research has shown that the distribution of radon concentrations in the UK conforms much 
more closely to a log-normal distribution if the mean outdoor radon concentration 
(4Bqm_®) is subtracted from each result; this subtraction was therefore performed for all 
values of radon concentration before analysis. An appropriate addition was subsequently 
applied when estimating the fraction of homes exceeding the Action Level. 

The techniques used to estimate the fraction of the housing stock exceeding the radon 
Action Level in grid squares in Wales were similar to those used previously** with some 
modifications®. If the geometric mean (GM) and geometric standard deviation (GSD) of a 
log-normal distribution are known, the fraction of the distribution exceeding any threshold 
can be calculated. This property of the distribution was used in calculating the fraction of the 
housing stock exceeding the Action Level in each grid square. In some squares, however, 
there are too few data to estimate the GM and GSD directly because there is little or no 
population, so information from adjacent squares has to be used. 

In the previous exercises, the GSDs of results within 5 km grid squares were seen not to 
vary significantly between nearby squares in the same county, and average values of GSDs 
for areas were used. The same procedure has been carried out in this case using a national 
average GSD of 2.5, except in squares containing enough data to estimate the GSD directly, 
in which circumstance the appropriate value for the grid square was used. 

The GM values for all squares were geometrically smoothed with the GM values of 
adjacent squares to remove anomalies caused by the small numbers of results in some 
squares. The degree of smoothing was varied according to the number of results available 
for a grid square®. The established values of GM and GSD were then used to estimate the 
fraction of the housing stock exceeding the Action Level in each grid square. 

Some of the grid squares had no radon results. Most of these have virtually no 
population, so it is not meaningful to refer to the fraction of the existing housing stock above 
the Action Level. It is useful, however, to estimate the percentage of the housing stock that 
would be above the Action Level in these squares to allow preventive measures against 
radon to be taken should new houses be constructed. For this reason, blank squares adjacent 
to squares with measurements were infilled using procedures described previously’. 
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The results are shown in a set of maps where the boundaries of the new Unitary 
Authorities are shown in red. Figure 1 shows the number of measurements in each 5km 
grid square of the parts of Wales surveyed: they range from 0 to 55. There are also 
measurements outside these areas: they are not shown on the map as there are insufficient 
measurements to allow the designation of Affected Areas. Figure 2 shows the estimated 
proportion of homes per grid square with radon concentrations exceeding the Action Level 
of 200 Bgm™®*: these are based on the unsmoothed GMs. Figure 3 shows the equivalent 
values after smoothing. The estimates here are based on values of GM obtained from 
smoothing with the values in surrounding squares and infilling blank squares: the 
proportions range from below 1% to above 10%. Figure 4 is a more heavily smoothed 
map, the purpose of which is to show the broad pattern of elevated radon levels in homes 
across the areas of interest. 


INTERPRETATION 

When the concept of an Affected Area was first introduced measurements were not 
available at sufficient density to permit fine detail to be resolved. Furthermore, data for 
adjoining squares were smoothed regardless of the precision with which they were known, 
and fluid contour lines were drawn to emphasise the approximate nature of the boundaries. 

In order to allow resources to be targeted with the greatest efficiency, information 
about each 5km grid square is now presented with the maximum precision that the data 
allow. Smoothing is not applied where there are sufficient measurements in a square to 
determine GMs directly but only when a low measurement density means that estimates 
will be improved by doing so. The ability to present more precise information depends, of 
course, on a sufficient density of measurement in each square. Where data are particularly 
plentiful, it is possible to resolve still finer detail, for example by using geological boundaries. 
Nevertheless, it must be recognised that there are only five or so measurements for many 
grid squares in Wales and this limitation does not allow boundaries to be delineated more 
precisely than to 5km. 

The parts of Wales shown in Figure 3 with a probability of 1% or more of homes being 
above the Action Level should be regarded as Affected Areas. The primary purpose of this 
map is to draw attention to the areas where radon exposures should be reduced or future 
exposures minimised: priority of measurement and remediation should be given to those 
areas with the higher proportions of affected homes. 

The local geology is reflected in Figure 3. The higher proportions of houses above the 
Action Level in Flintshire and Denbighshire are mostly underlain by Carboniferous rocks, 
including the Carboniferous Limestone, the Namurian and the Coal Measures. The radon 
levels observed are affected by overburden of glacial origin. The Carboniferous Limestone 
outcrops in the east and south of Anglesey also show up clearly. The complexity of the 
geological outcrops in Powys allow only general correlations with radon levels to be 
observed. Most of the area mapped is underlain by Silurian rocks, and sedimentary rocks 
deposited under shallow water conditions are particularly prone to higher radon levels. The 
geology of Pembrokeshire is also complex. The southern part of the area is underlain by 
Carboniferous Limestone and Devonian Old Red Sandstones. The higher proportions of 
houses above the Action Level in the north of the area are related to Cambrian and 
Precambrian acid tuffs, the volcanic equivalent of granites. 
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FIGURE 1 Number of 
homes in which radon 
was measured in each 
5km grid square in 
Wales 


FIGURE 2 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
grid square in Wales. 
Data not smoothed 
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FIGURE 3 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
grid square in Wales. 
Data smoothed 


FIGURE 4 Estimated 
proportion of homes 
exceeding the Action 
Level in each 5km 
grid square in Wales. 
Data smoothed twice 
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RECOMMENDATION 

The parts of Wales shown in Figure 3 with 1% probability or more of homes being 
above the Action Level should be regarded as Affected Areas for the purposes of the 
Board Statement on radon in homes’. Taking account of these areas, the Welsh Office 
should delimit those localities where preventive measures against radon in new houses 
are justified. 
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